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Abstract
We have studied the structure of the replicative intermediates of human herpesvirus 6 (HHV-6) using pulsed-field gel electrophoresis,
partial digestion, two-dimensional gel electrophoresis, and sedimentation centrifugation. The results show that DNA replication of HHV-6
produces head-to-tail concatemeric intermediates as well as approximately equal amounts of circular monomers or oligomers. Unlike the
situation in herpes simplex virus, the intermediates of human herpesvirus 6 replication are not highly branched, suggesting a difference in
the mechanism of replication or a lower frequency of homologous recombination in human herpesvirus 6 compared to herpes simplex virus.
© 2003 Elsevier Inc. All rights reserved.
Keywords: Human herpesvirus 6; Herpesviruses; DNA replication; Concatemers; DNA viruses
Introduction
Herpesviruses are large, double-stranded DNA viruses
that replicate in the nucleus of the host cell. The mechanism
of lytic replication is thought to be similar for all species of
herpesviruses and its hallmark characteristic is the produc-
tion of large head-to-tail concatemeric intermediates. The
mechanism of DNA replication has been studied in detail in
HSV-1.1 The linear, 150-kb HSV-1 genome circularizes
soon after entering the nucleus of the host cells (Poffen-
berger and Roizman, 1985; Garber et al., 1993). After ex-
pression of immediate-early and early genes, replication
compartments are formed in the cell nucleus (Quinlan et al.,
1984, Maul et al., 1996; Lukonis and Weller, 1997;
Burkham et al., 2001), and viral DNA replication proceeds
with the intervention of a set of essential viral replication
proteins: origin-binding protein, DNA polymerase and pro-
cessivity factor, single-strand DNA-binding protein, and
helicase/primase complex (Olivo et al., 1989; Rabkin and
Hanlon, 1990; Skaliter and Lehman, 1994; Falkenberg et
al., 2000). DNA replication requires the presence of at least
one of the three viral replication origins (Polvino-Bodnar et
al., 1987; Igarashi et al., 1993). The products of replication
are large concatemeric structures that are then cleaved to
linear monomers at the time of packaging (Jacob and Roiz-
man, 1977; Jacob et al., 1979; Jongeneel and Bachenheimer,
1981). The replication intermediates of HSV-1 have been
shown to form a complex branched structure (Severini et al.,
1994; Zhang et al., 1994; Severini et al., 1996) and to
undergo frequent events of homologous recombination,
which appear to be tightly coupled to DNA replication
(Hayward et al., 1975; Weber et al., 1988; Dutch et al.,
1992, 1995). Because the HSV-1 genome is composed of
two sets of inverted repeats that flank two unique regions,
recombination events are readily detected as inversion of
the unique regions. They are so frequent that the progeny
virus is invariably composed of equimolar amounts of the
four possible isomers produced by the random inversion of
the unique segments (Hayward et al., 1975). It has been
shown that consecutive genomes on the concatemers are in
random orientation, suggesting that recombination occurs
throughout the process of replication (Zhang et al., 1994;
Severini et al., 1994, 1996; Bataille and Epstein, 1997). The
current model of HSV replication postulates an initial phase
of origin-dependent -replication, followed by a phase of
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origin-independent rolling circle replication, which would
produce the concatemeric intermediates (Lehman and Bo-
emer, 1999; Roizman and Knipe, 2001). However, it has
also been proposed that the branched structure of the rep-
lication intermediates in HSV-1 could be due to a combi-
nation of rolling circle replication and recombination, or to
continuous reinitiation at the origins producing multiple
replication forks (Y branches), or to a mechanism of repli-
cation similar to that of the T4 phage, where strand invasion
during recombination generates a new origin of replication
(Morgan and Severini, 1990; Severini et al., 1994, 1996;
Marintcheva and Weller, 2001; Sarinsky and Weber, 1994).
Definitive proof of any of the proposed replication mecha-
nisms has yet to be established.
Other herpesviruses produce high molecular weight con-
catemeric intermediates during lytic replication, and high-
frequency recombination has been demonstrated for some
of them (McVoy and Adler, 1994; Slobedman and Sim-
mons, 1997). It is generally believed that formation of
concatemers and high-frequency homologous recombina-
tion is a general feature of the lytic replication of all her-
pesviruses.
In this work, we have analyzed the structure of the
replication intermediates of HHV-6 to see if the observa-
tions made for HSV-1 are similar for other herpesviruses.
Human herpesvirus is a ubiquitous lymphotrophic -her-
pesvirus isolated in 1986 (Salahuddin et al., 1986) and is
closely related to human herpesvirus 7 (HHV-7) (Frenkel et
al., 1990). HHV-6 infects virtually all individuals during the
first years of life, often causing the self-limiting exanthem-
atous disease roseola infantum (Yamanishi et al., 1988).
Serious manifestations of HHV-6 are rare, but reactivation
of HHV-6 in transplant and immunocompromised patients
is a cause of considerable morbidity (Cone et al., 1993;
Drobyski et al., 1993; McCullers et al., 1995; Braun et al.,
1997). It has been recognized that there are two variants, or
perhaps species, of HHV-6, designated HHV-6A and
HHV-6B (Ablashi et al., 1991, 1993; Aubin et al., 1991;
Schirmer et al., 1991; Wyatt et al., 1990).
HHV-6 has a linear genome 160 kb in length with a set
of direct terminal repeats, about 10 kb in length, of the type
a—U—a (Gompels et al., 1995). This is a simpler arrange-
ment than in HSV-1, which has a genome structure of the
type ab—UL—bac—US—ca, i.e., with two sets of inter-
nal and terminal inverted repeats. A single origin of lytic
replication has been identified in HHV-6, which binds an
origin-binding protein homologous to that of HSV-1
(Dewhurst et al., 1993; Inoue et al., 1994). It is generally
believed that HHV-6 replicates with a mechanism similar to
that of HSV-1 and indeed experimental evidence suggests
that the linear genome is circularized upon entry into cells,
that replication requires an origin of replication, and that the
intermediates of replication are endless concatemers
(Lindquester and Pellett, 1991; Martin et al., 1991). Work
done on plasmids carrying a viral origin of replication and
packaging signals transfected into HHV-6-infected cells has
shown that replicated plasmids are in the form of head-to-tail
concatemers. This is a situation compatible with a rolling circle
replication mechanism (Dewhurst et al., 1993, 1994; Deng and
Dewhurst, 1998) and similar findings have been obtained with
the closely related HHV-7 (Romi et al., 1999). Amplification
events of the HHV-6 origin of replication suggest that homol-
ogous recombination may occur in HHV-6 as well (Stamey et
al., 1995) but no direct evidence of high-frequency recombi-
nation during replication has been obtained, because the ge-
nome of HHV-6 does not have inverted repeats to produce
easily detected inversion as a consequence of recombination.
Direct evidence of the replication mechanism of the full-length
genome is also lacking.
In this work we have analyzed the structure of the rep-
licative intermediates of HHV-6 to see if the models of
replication proposed for HSV-1, based on the branched
structures observed during replication, could be applied to
another herpesvirus with a different genomic structure and
cell tropism. Our results uncovered some notable differ-
ences in the structure of the replicative intermediates of
HHV-6 compared to the situation in HSV-1. This suggests
that different mechanisms of replication and/or recombina-
tion may occur in HHV-6 and HSV-1.
Results
Time course of HHV-6 infection
Previous analyses have shown that intracellular DNA of
HSV, CMV, and other herpesviruses can be separated into
two major species on PFGE: one that corresponds to the
monomer, linear virion DNA; and one species that does not
migrate on PFGE and can be recovered from the gel well
(Severini et al., 1994; Zhang et al., 1994; McVoy and Adler,
1994). We repeated these experiments using HHV-6 DNA
isolated from cells infected with HHV-6. Fig. 1 shows a
time course of infection, in which DNA was extracted from
infected cells at various times after infection, run on PFGE,
and visualized for viral DNA by Southern blot. As seen for
other herpesviruses, there are two major electrophoretic
species: (i) monomer linear virus that runs as a band at 160
kb; and (ii) “well” DNA that does not migrate from the
origin of the PFGE. Immediately after infection (lane 0),
only the input viral DNA is visible. With the increasing time
of infection (lane 0.5 to 5 days), the amount of viral-specific
well DNA increases as does the production of monomer
linear virus.
Upon overexposure of the blot, a ladder of bands be-
comes visible between the well and the monomer virus band
(short arrows in Fig. 1). The sizes of these bands are con-
sistent with multiples of the 160-kb genome unit length, as
expected from products of concatemer cleavage. Overexpo-
sure of the blots also reveals a diffuse virus-specific band of
about 80 kb in size. The nature of this band remains to be
determined.
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The intermediates of herpesvirus replication have been
shown to be molecules that are endless, as a result of
circularization and concatemerization. In some cases, a
small amount of left-end genomic termini are produced by
the cleavage of the concatemers during packaging (Severini
et al., 1994; Varmuza and Smiley, 1985; Deiss et al., 1986).
To study the genomic termini of replicating HHV-6 DNA,
total DNA and well DNA from HHV-6-infected cells were
digested with BamHI and the fragments corresponding to
the genomic termini were detected by probing with a 96-nt
oligonucleotide that spans the junction between left and
right genomic termini, as found in circularized or concate-
meric genomes (Gompels and Macaulay, 1995). The results
are presented in Fig. 2A. Lane 1 contains total DNA ex-
tracted from infected cells, and three BamHI fragments are
detected by the probe: (i) a fragment of 2.3 kb, correspond-
ing to the right end of the linear genome; (ii) a fragment of
3.1 kb corresponding to the left end of the linear genome;
(iii) a 5.4-kb band corresponding to the junction fragment
found in circular or concatemeric genomes. Lane 2 contains
well DNA, from which mature genomes have been removed
by PFGE. As expected the 5.4-kb junctional fragment is the
prevalent band, indicating that the well DNA is mostly
composed of circular or concatemeric molecules. A fainter
band corresponding to the left terminus of the genome is
also visible, but no fragments corresponding the right ter-
minus are present. A diagram that describes the fragments
Fig. 2. (A) Detection of genomic termini in replicating HHV-6 DNA. DNA
from agarose plugs was digested with the restriction enzyme BamHI and
run on a constant voltage 0.8% agarase gel, as described under Materials
and methods. After Southern transfer, the blot was probed with a 32P-
labeled oligonucleotide that hybridizes with the pac1 and pac2 sequences
located in the direct terminal repeats of the HHV-6 genome. Lane 1
contains total infected cells DNA. The 2.3- and the 3.4-kb bands are
BamHI fragments originating from the right and the left terminus of the
HHV-6 genome, respectively. The 5.4-kb band is the fragment originating
from head-to-tail junction of the right and left termini, as found in circular
or concatemeric HHV-6 genomes. Lane 2 contains well DNA obtained by
running agarose plugs with infected cell DNA on PFGE to remove virion
HHV-6 DNA. (B) Maps (not to scale) of monomeric, circular, and con-
catemeric HHV-6 genomes. The boxes represent the terminal direct re-
peats; the black boxes represent the “left terminus” BamHI fragment and
the gray boxes represent the “right terminus” BamHI fragment, as referred
to in (A).
Fig. 1. Time course of HHV-6 infection by PFGE. DNA from cells infected
with HHV-6 from 0 to 5 days was purified in agarose plugs and run on
PFGE as described under Materials and methods. HHV-6-specific DNA
was detected by Southern blotting and hybridization with a ECL-labeled
probe from the HHV-6 polymerase gene. The long arrows identify the
monomer band and the “well” DNA. The short arrows indicate the approx-
imate sizes of other minority species of HHV-6 DNA, calculated against a
lambda DNA ladder. The lane labeled “C” contains DNA from uninfected
cells. The lane labeled “0” contains DNA derived from cells harvested
immediately after the beginning of infection and represents the input virus.
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of this experiment and their location in the viral HHV-6
genome is shown in Fig. 2B.
Partial digestion of intermediates of replication
We have previously shown that well DNA from HSV-
1-infected cells consists of branched structures that cannot
be reduced to monomer form by digestion with a single
cutting restriction enzyme (Severini et al., 1994). To inves-
tigate the structure of the well DNA in this study, DNA
from HHV-6-infected cells was run on PFGE to remove the
linear monomeric genomes. The agarose plugs at the PFGE
well were excised and subjected to partial digestion with the
restriction enzyme SfiI, which cleaves the HHV-6A genome
only once, at nucleotide 9225 of the published genomic
sequence (GenBank Accession No. X83413). If the well
HHV-6 DNA is in the form of linear concatemers, partial
digestion should produce a ladder of linear fragments,
which are eventually reduced to linear monomers upon
complete digestion. If the well DNA is made of circular
genomes (which also do not migrate on PFGE), increasing
times of digestion should produce an increasing amount of
monomer DNA, but not intermediates of higher than mono-
mer length. Fig. 3 shows the results of partial digestion of
well DNA from cells harvested at 4 days postinfection. All
of the well DNA was digested to monomer size after 15 h of
incubation with SfiI. This result shows that unlike HSV-1,
HHV-6 replicating DNA does not form complex branched
structures. Partial digestion produces increasing amounts of
monomer products but no ladder of intermediates greater
than unit length was clearly visible. This result suggests that
a large fraction of the well DNA is composed of circular
monomer or oligomers, or rolling circle figures with short
concatemers.
Two-dimensional gel electrophoresis of the intermediates
of replication
Branches in DNA molecules can be detected by two-di-
mensional agarose gel electrophoresis (Brewer and Fangman,
1987) and we have previously used this technique to demon-
strate branches in replicating HSV-1 DNA (Severini et al.,
1996). We compared the two-dimensional (2D) gel agarose
electrophoresis migration of well DNA of HHV-6 and HSV-1.
The 2D gel electrophoresis of HHV-6 DNA is shown in Fig.
4A. The probe used (see Materials and methods) hybridizes to
two BamHI fragments of 5.4 and 10.4 kb in length. These two
fragments run on the diagonal of the gel, indicating that they
have a linear structure. Arches and spots that would indicate
branches are not visible above the two linear fragments. In
Fig. 4. Two-dimensional agarose gel electrophoresis. (A) Well DNA from
cells infected with HHV-6 for 4 days was digested with BamHI, purified
from agarose, and run on a two-dimensional agarose gel as described under
Materials and methods. The first dimension was run at a low voltage (14 V
for 15 h) and low percentage of agarose (0.5%), and the DNA fragments
were separated purely on the basis of their size. The second dimension was
run at a higher voltage (80 V for 3 hs) and high percentage of agarose (1%).
Under these conditions fragments with branches or loops run more slowly
than linear fragments of the same molecular weight and form arches and
spots above the diagonal line where linear fragments run. The two spots
correspond, from the left, to 10.4- and 5.4-kb BamHI fragments that
hybridize with the HHV-6 DNA polymerase probe used for this Southern
blot. (B) Two-dimensional gel electrophoresis of well DNA from Vero
cells infected with HSV-1 for 18 h. The method is the same as in Fig. 4B.
The two large spots correspond, from the left, to 10.1- and a 5.4-kb BamHI
fragments that hybridize with the HSV junction probe used for this South-
ern blot. The single arrows point to the arches corresponding to fragments
with Y junctions, and the double arrows point to the line and the spot
corresponding to fragments with X junctions (Brewer and Fangman, 1987).
Fig. 3. Partial digestion of well DNA. DNA excised from the PFGE well
was digested for increasing times with the single cutter SfiI and run of
PFGE. The Southern blot was hybridized with a 32P-labeled probe derived
from the HHV-6 polymerase gene. Fig. 3 is a composite of two partial
digestion experiments performed using the same DNA preparation from
cells at 4 days postinfection.
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contrast, Fig. 4B shows a 2D gel of HSV-1 well DNA digested
with BamHI and detected with a probe (see Materials and
methods) that hybrizes to two fragments 5.6 and 10.1 kb in
length. A hybridization signal in the form of spots and arches
is clearly visible above the diagonal line of migration of linear
fragments, as previously reported (Severini et al., 1996). The
arches correspond to fragments bearing Y or X branches of
various length (Brewer and Fangman, 1987). This result is
consistent with the results of the partial digestion of HHV-6
well DNA and indicates the presence of nonbranched concate-
mers or circles.
Sucrose gradient sedimentation of the intermediates of
replication
We have shown so far that well DNA produced by
HHV-6 replication does not have a highly branched struc-
ture, and can be reduced to monomer size by digestion with
the single cutter SfiI. Lack of intermediate products of mul-
tiple of unit length suggested that the well DNA may not
contain many long linear concatemers but instead may be
composed of circular genomes that would not be able to
enter the gel because of their structure (Beverley, 1988). To
address this question, we centrifuged the well DNA on a
sucrose sedimentation gradient to separate the DNA mole-
cules on the basis of their size, regardless of their structure.
A monomer genome would sediment at the same position
on the sucrose gradient, regardless of being circular or
linear, while on PFGE the circular genome would not mi-
grate at all from the well. The experiment shown in Fig. 5
compares the rate sedimentation profile of well HHV-6
DNA, well HSV-1 DNA, and a preparation of HHV-6
nucleocapsids, which contains only monomer, linear DNA.
For these sucrose gradients, HHV-6-infected cells were har-
vested at 5 days post-infection. At this stage nearly 100% of
cells were infected with HHV-6, as judged by indirect
immunofluorescence staining. The cells were then cast in
agarose and the well DNA was obtained as described under
Materials and methods. HSV-1-infected cells were har-
vested at 18 h postinfection, when virtually 100% of Vero
cells showed cytopathic effect. The sedimentation profile of
the HHV-6 well DNA (open circles) shows that some well
DNA is large and is recovered at the bottom of the gradient,
while a significant proportion sediments at a position in the
gradient which is close to the expected sedimentation of the
momomer genome (thin line). This is unlike the situation of
HSV-1 in which virtually all the well DNA sediments at the
bottom of the gradient (closed circles), indicating that it is in
the form of large molecules, as previously reported (Sev-
erini et al., 1994).
Discussion
We have confirmed that, similar to other herpesviruses,
HHV-6A forms replication intermediates that are un-
branched head-to-tail concatemers, mostly in circular form.
The evidence for this can be summarized as follows: (i) The
intermediates fail to enter the pulsed field electrophoresis
gel, indicating that they are not linear molecules of MW less
than 2 Mbp, since this is the limit of resolution of the type
of PFGE used. They must be either circular relaxed mole-
cules or molecules with other tertiary structures similar to
branches. Small amounts of linear concatemers are also
apparent on an overexposed gel, and their nature remains to
be determined: they could be the product of head-to-tail
recombination of linear genomes at their terminal repeats;
or intermediates of incomplete packaging of larger recom-
bination intermediates; or they could be an artifact due to
shearing of larger intermediates contained in the well DNA.
We have shown that in well DNA the genomic termini are
fused together as expected for circular or concatemeric
molecules. The well DNA also contains a small amount of
left termini, which are probably produced by the encapsi-
dation process, which has been shown for HSV-1 and CMV
to start from the right terminus of genome and proceed
toward the left (Varmuza and Smiley, 1985; Deiss et al.,
1986; Severini et al., 1994). (ii) Partial digestion with the
single cutter SfiI was able to convert the well DNA into
monomer size, indicating that the replicative intermediates
of HHV-6 do not contain a large number of branches as seen
for the intermediates of HSV-1 and CMV replication. (iii)
Branches were also not detected on a 2D agarose gel elec-
trophoresis. (iv) Size estimation of the well DNA on sucrose
gradient indicates the presence of high molecular weight
Fig. 5. Sucrose sedimentation gradient of HHV-6 and HSV-1 well DNA.
Well DNA from cells infected with HHV-6 for 5 days (open circles) or
with HSV-1 for 18 h (closed circles) was run on a 5 to 30% sucrose
sedimentation gradient as described under Materials and methods. The
circles represent the density of the dot blot of fractions hybridized with an
HHV-6 DNA polymerase probe. A preparation of HHV-6 nucleocapsids
(linear monomer genomes) was also run on sucrose gradient, and the
sedimentation profile is indicated with the thin line. The bottom of the
gradient is at the left of the graph and represents the heaviest molecules that
sediment faster in the gradient.
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DNA as well as approximately equal amounts of mono-
meric or oligomeric genomes. Since this material did not
migrate on PFGE and has no detectable genomic termini,
we conclude that these low molecular weight species are
circular genomes or short rolling circle figures.
The absence of branches in HHV-6 replication interme-
diates is a departure from the situation in other herpesvi-
ruses. In fact the intermediates of replication of HSV-1
(Severini et al., 1994, 1996; Zhang et al., 1994), CMV
(McVoy and Adler, 1994), and VZV (our unpublished ob-
servation) have been shown to be branched, although the
mechanism of formation of the branches is still hypotheti-
cal. Lack of branches in HHV-6 may reflect a different
mechanism of replication of HHV-6 compared to other
herpesviruses. The difference may be in the process of
replication itself, for example, a pure rolling circle mecha-
nism with only one replication fork, rather than a molecule
with simultaneous initiation of several replication events.
Alternatively, the lack of branches may be due to differ-
ences in the frequency or mechanism of recombination. If
the branched structures in HSV-1 are formed through re-
combination at the inverted repeats, the simpler genome
structure of HHV-6 would provide less chances for recom-
bination within the genome and therefore the production of
fewer branches. A low number of branches in HHV-6 DNA
may also be the result of smaller number of active replica-
tion origins and therefore a fewer number of Y junctions
formed by advancing replication forks.
Materials and methods
Cell cultures and viruses
HSB-2 cells were cultured in Iscove-modified Dulbecco,
medium (IMDM) (Invitrogen, Carlsbad, CA, USA) supple-
mented with 5% fetal bovine serum, 100 U/mL penicillin,
and 100 g/mL streptomycin, at an initial density of 106
cells/mL. Cells were infected with HHV-6A (strain GS) by
adding cells from a 100% infected culture at a ratio of 1:20
infected-to-noninfected cells. Infection with HHV-6A was
monitored by indirect immunofluorescence staining,
adapted from a method previously described (Hobman et
al., 1992). In this case the primary antibodies were obtained
from positive patient serum.
HSV-1 (KOS) was used at an m.o.i. of 10 to infect 90%
confluent Vero cells, as previously described (Severini et
al., 1994).
Pulsed-field gel electrophoresis
Infected HSB-2 cells were harvested by centrifugation,
washed once in ice-cold PBS, and resuspended in liquid 2%
agarose in PBS at 37°C, at a concentration of 1  107 cells/
mL. Preparation of agarose plugs, purification of DNA, and
PFGE were carried out as previously described (Severini et al.,
1994). Well DNA was obtained by excising the agarose plugs
from the origin of the gel after PFGE, prior to staining with
ethidium bromide. The gel plugs were then washed in TE
buffer (10 mM Tris pH 8.0, 1 mM EDTA) and stored at 4°C.
Viral-specific DNA was visualized by Southern blot, per-
formed as previously described (Severini et al., 1994). The
virus-specific hybridization probe was labeled with ECL Ran-
dom Probe Labeling System nonradioactive labeling kit (Am-
ersham Biosciences Corp., Piscataway, NJ, USA), according
to the manufacturer’s instruction. Alternatively, the probe was
labeled with [32P]dCTP using the Multiprime Labeling System
Kit (Amersham Biosciences Corp) according to the manufac-
turer’s instructions. The DNA fragment used as the probe was
obtained by PCR amplification of a region of the HHV-6A
polymerase gene, using the primers previously described
(Johnson et al., 2000), from nucleotides 57353 to 57887 of the
published HHV-6A sequence (GenBank Accession No.
X83413).
Detection of genomic termini
Agarose plugs containing DNA from infected cells were
washed extensively in TE buffer and melted at 65°C in the
presence of BamHI reaction buffer (New England Biolabs,
Beverly, MA, USA). The DNA was then digested with the
restriction enzyme BamHI (New England Biolabs) at 37°C
for 3 h, and the products were purified from agarose using
a QIAQuick Gel Extraction Kit (Qiagen GmbH, Hilden,
Germany). The purified DNA was run at constant voltage on
a 0.8% agarose gel. After Southern transfer, the blot was
probed with a 32P-labeled synthetic oligonucleotide corre-
sponding to the sequence of the pac1 and pac2 packaging
signals (Gompels and Macaulay, 1995). Prehybridization
and hybridization were carried out in 7% SDS, 6 SSC at
65°C. After hybridization the blot was washed twice for 30
min at 65°C in 2 SSC, 1% SDS.
Partial digestion of well DNA
The plugs excised from the well of a PFGE run were
melted in the presence of SfiI reaction buffer (New England
Biolabs) at 65°C for 30 min. DNA was carefully resus-
pended with an Eppendorf pipette, using a wide bore tip to
avoid shearing. The restriction enzyme SfiI (New England
Biolabs) was added and the DNA was incubated at 50°C. At
various times of incubation, a 20-L aliquot was transferred
to a tube containing 5 L of 0.5 M EDTA to stop the
reaction, and it was immediately loaded on a pulsed-field
gel. The pulsed-field gels were run, blotted, and hybridized
as described above.
Two-dimensional agarose gel
For both HHV-6 and HSV-1, plugs containing well DNA
were melted in BamHI reaction buffer and digested with
BamHI (New England BioLabs) for at least 3 h. The DNA
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was then purified from the agarose by QIAQuick Gel Ex-
traction Kit and run on a 2D agarose gel as previously
described (Severini et al., 1994; Brewer and Fangman,
1984). For HHV-6, the gel was blotted and probed using the
polymerase gene PCR fragment, as described above. BamHI
produces 5.4- and 10.4-kb fragments that hybridize with the
polymerase probe. For HSV-1, the blot was probe with a
10.6-kb EcoRI/HapaI fragment spanning the junction be-
tween the long and short region of the HSV-1 genome
(Severini et al., 1994). The probe hybridizes to two BamHI
fragments 10.1 and 5.9 kb in length.
Sucrose sedimentation gradient
Sucrose gradient sedimentation was performed essen-
tially as described previously (Severini et al., 1994). Aga-
rose plugs containing well DNA were melted at 65°C in the
presence of 0.5 M NaClO4 and layered on top of a linear
gradient from 5 to 30% sucrose in 0.5 M NaClO4. After
ultracentrifugation in a Beckman SW41Ti rotor at 40,000
rpm for 1 h, fractions from the gradients were collected and
spotted on a positively charged nylon membrane (Roche
Diagnostics, Mannhein, Germany) using a dot-blot appara-
tus (Bio-Rad, Laboratories, Hercules, CA, USA). The dot
blot was hybridized with the polymerase gene probe, as
described above, and the relative densities of the dots were
measured using the Quantity One gel documentation soft-
ware (Bio-Rad).
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